internal standard. ESIMS were recorded in positive-ion mode on an Agilent 1100 LC/MSD TOF time-of-fl ight system. Silica gel Silica gel 60, 220 400 mesh, Merck & Co. Inc. and octadecyl silica ODS Chromatorex-ODS, 100 200 mesh; Fuji Silysia Chemical, Ltd., Aichi were used for open column chromatography. Reversed-phase preparative HPLC with a refractive index detector was carried out on an ODS column Pegasil ODS-II 5 μm column, 25 cm 10 mm i.d.; Senshu Scientific Co., Ltd., Tokyo with MeOH: H 2 O:AcOH as the eluting solvent at a ratio of 85:15:1 fl ow rate of the eluent: 3.0 mL/min; system , 75:25:1 3.0 mL/ min; system , 60:40:1 2.0 mL/min; system , 80:20:0 2.0 mL/min; system , 60:40:0 3.0 mL/min; system , or 55:45:0 2.0 mL/min; system .
Materials and chemicals
The dried roots of Angelica keiskei Koidzumi Umbelliferae were purchased from Ashitaba Fabrication Plant Co., Ltd. Hachijojima 
Cell lines and culture conditions
HL60 human leukemia , CRL1579 human melanoma , A549 human lung , and AZ521 human stomach cell lines were obtained from Riken Cell Bank Tsukuba, Ibaraki . HL60 and CRL1579 were grown in RPMI 1640 medium, while A549 and AZ521 were grown in D-MEM and in 90 D-MEM 10 MEM 0.1 mM NEAA, respectively. The medium was supplemented with 10 FBS and antibiotics 100 units/mL penicillin and 100 μg/mL streptomycin . The cells were cultured in a 5 CO 2 humidifi ed incubator at 37 .
Extraction, isolation, and identifi cation
The , along with 4 other fractions, Gc1, Gc2, Gc4, and Gc5. A portion 600 mg of fraction Gc4 1317 mg was subjected to preparative HPLC system which yielded 2 136 mg , 5 2.0 mg , and 17 9.0 mg . Fraction Gm was chromatographed on a silica gel column to yield 10 fractions, Gm1-Gm10. Further ODS column chromatography of fraction Gm4 3960 mg yielded 3 1219 mg; fraction Gm4-6 and 11 163 mg; fraction Gm4-3 , and 5 other fractions, Gm4-1, Gm4-2, Gm4-4, Gm4-5, and Gm4-7. Preparative HPLC system of fraction Gm4-2 yielded 11 73.2 mg and 12 5.0 mg . Chromatography of fraction J on an ODS column yielded 6 fractions, J1-J6. A portion 250 mg of fraction J2 283 mg was further chromatographed on a silica gel column to yield 6 fractions, J2-1-J2-6. Preparative HPLC of fractions J2-1 29 mg; system VI and J2-2 90 mg; system V yielded 13 1.3 mg and 14 2.2 mg , and 1 1.1 mg , 6 0.6 mg , 15 2.5 mg , and 16 2.2 mg , respectively. Furthermore, preparative HPLC of fractions J3 44 mg; system and J4 22 mg; system yielded 9 9.8 mg and 7 1.2 mg , respectively. Identifi cation of 15 compounds, 1-7, 10-16, and 18 Fig. 1 , was performed by NMR and MS comparison with reference compounds. Compounds 8, 9, and 17 were iden-
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tified as lespeol 16 , 3',4'-dihydro-3'-hydroxylespeol 17 , and 7-O-methyl prostratol F 18 , respectively, by comparison of NMR and MS data with the corresponding compounds in the literature Fig. 1 . The percentage purity of compounds 1-18 was more than 95 .
Cytotoxicity assay
The cytotoxicity assay was performed according to a previously described method 7, 19 .
2.6 Annexin V-propidium iodide double staining Apoptosis was detected as described in our recent paper using a recombinant human rh Annexin V/FITC kit 19 .
Western blot analysis
Western blot analysis was performed according to a previously described method 7, 19 .
2.8 DNA Topoisomerase inhibition assay DNA Topo I and II inhibition assays were performed according to the previous method 19, 20 .
RESULTS AND DISCUSSION
The MeOH extract of A. keiskei roots and its n-hexane-, EtOAc-, n-BuOH-, and H 2 O-soluble fractions were assayed for cytotoxic activity against 4 human tumor cell lines, HL60 leukemia , CRL1579 melanoma , A549 lung , and AZ521 stomach . As shown in Table 1 , the EtOAc-soluble and n-hexane-soluble fractions exhibited potent activities against all 4 tumor cell lines. The EtOAc-soluble fraction was further investigated for the active constituents in this study. Nine chalcones 1-9 , 5 coumarins 10-14 , and 6 flavanones 15-18 , were isolated and identified from the EtOAc-soluble fraction. Among the compounds identifi ed, 2 chalcones, 3 followed by 2, were detected as the most abundant constituents . The predominance of these 2 chalcones in the EtOAc-soluble fraction of the A. keiskei root extract is consistent with observations in the stem extract of A. keiskei 12 The cytotoxicities of these compounds against CRL 1579, A549, and AZ521 cell lines were superior to those of the reference compounds, cisplatin and 5-fl uorourasil. Cyclization of the prenyl chain at C-3' of compound 2 did not infl uence activity compound 5 ; demethylation of the methoxy group at C-4' compound 1 and substitution of the prenyl chain with the geranyl chain compounds 3 and 4 reduced the cytotoxic activity of compound 2 in HL60. All of 5 coumarins, 10-14, showed the least cytotoxicity.
Compound 2, the most potent cytotoxic compound against all 4 tumor cell lines, was then evaluated for its induction of early apoptosis in HL60 cells. Exposure of the membrane phospholipid, phosphatidylserine, to the external cellular environment is one of the earliest markers of apoptotic cell death 21 . Annexin V is a calcium-dependent phospholipid-binding protein with high affinity for phosphatidylserine expressed on the cell surface. Propidium iodide PI does not enter whole cells with intact membranes and was used to differentiate between early apoptotic Annexin V positive, PI negative , late apoptotic Annexin V, PI double positive , or necrotic cell death Annexin V negative, PI positive . In the early phases of apoptotic cell death, PS is translocated to the outer layer of the membrane, i.e., the external surface of the cell, during which process the cell membrane remains intact. Late apoptotic cells lose their membrane integrity as the PI is incorporated into the cells 22 a) Cells were treated with compounds (1 x 10 -4 -1 x 10 -6 M) for 48 h, and cell viabilitiy was analyzed by the MTT assay.
b) IC 50 based on triplicate three points.
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treatment with 2 for 24 h, the proportion of early apoptotic cells further increased 44.6 vs. 29.4 for 8 h and was accompanied by the accumulation of late apoptotic cells upper right; 38.8 vs. 28.8 at 8 h vs. 1.1 at 0 h . These results suggested that most of the cytotoxicity of 2 is due to the induction of apoptotic cell death in HL60.
Apoptosis is induced mainly by triggering of the death receptors extrinsic pathway and/or mitochondria intrinsic pathway , leading to the activation of caspases 23, 24 . In the death receptor-mediated apoptosis pathway, tumor necrosis factor activates upstream caspase-8. Activation of caspase-8 can in turn directly activate caspase-3. The mitochondrial-mediated apoptosis pathway activates procaspase-9 by releasing cytochrome c. Caspase-9 forms an active holoenzyme that processes and activates downstream caspase-3. Inhibitors of DNA Topo are known to stimulate apoptosis by activating the mitochondrial pathway 24 .
To characterize the mechanism by which 4-hydroxyderricin 2 induces apoptotic cell death, activation of caspases-3, -8, and -9 was evaluated by Western blot analysis. After treatment of HL60 cells with 2 40 μM , the level of procaspases-3, -8, and -9 gradually diminished in a timedependent manner, and cleaved caspases-3, -8, and -9 were detected Fig. 3 . These results suggest that 2-induced cell death occurs through activation of caspases-3, -8, and -9. Upon investigation of Topo I and II inhibition by compounds 1-18, only compound 2 exhibited potent Topo -inhibitory activity IC 50 21.9 μM Table 2 , Fig. 4 , almost comparable with that of etoposide IC 50 34.5 μM , a well known Topo poison 25 . Compound 2 exhibited, however, almost no inhibitory effect on Topo IC 50 100 μM Table 2 whereas camptothecin, a positive control 26 , showed potent activity IC 50 1.9 μM . These suggested that the mitochondrial signal transduction pathway involving Topo II inhibition by 2 is one of the triggers of apoptosis in HL60 cells.
We have shown that compound 2 induces apoptotic cell death via both the death receptor-mediated and the mitochondrial pathways in HL60 cell lines. Whereas the induction of apoptosis by 2 in human stomach cancer KATO III cells has recently been reported 10 , this is the fi rst report of caspase-dependent apoptosis induction by 2 in HL60 cells. Xanthoangelol 3 , the most abundant chalcone constituent of the EtOAc-soluble fraction of A. keiskei root extract, has recently been demonstrated to possess apoptosis-inducing activities in human neuroblastoma IMR-32 , leukemia Jurkat 7 , and stomach cancer KATO cells 10 .
In summary, we have shown that the EtOAc-soluble fraction of a MeOH extract of A. keiskei roots exhibits cytotoxic activity in 4 human tumor cell lines, HL60 leukemia , CRL1579 melanoma , A549 lung , and AZ521 stomach . Eighteen phenolic compounds 1-18 isolated from the 
